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Erratum to 



ANSI S3.22-2003 American National Standard Specification of Hearing Aid Characteristics 



In clause 6.11, Harmonic distortion, two equations are shown with a " v " where a square root 
sign " V " should appear. 

The equations should read: 



a) % THD= 100V([p 2 2 +p 3 2 + p 4 2 +....]/ Pl 2 ) 

b) %THD = 100V([p 2 2 + p 3 2 + p/ + ....]/ [ Pl 2 + p 2 2 + p 3 2 + p 4 2 ....]) 
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Abstract 



The standard describes air conduction hearing-aid measurement methods that are particularly suitable 
for specification and tolerance purposes. Among the test methods described are output sound 
pressure level (SPL) with a 90-dB input SPL, full-on gain, frequency response, harmonic distortion, 
equivalent input noise, current drain, induction-coil sensitivity, and static and dynamic characteristics 
of automatic gain control (AGC) hearing aids. Specific configurations are given for measuring the input 
SPL to a hearing aid. Allowable tolerances in relation to values specified by the manufacturer are 
given for certain parameters. Appendices are provided to describe an equivalent substitution method, 
characteristics of battery simulators, and additional tests to characterize more completely the 
electroacoustic performance of hearing aids. 
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Foreword 

[This Foreword if for information only and is not an integral part of the American National Standard, ANSI 
S3.22-2003 Specification of Hearing Aid Characteristics.] 

This standard is a revision of ANSI S3.22-1996 Specification of Hearing Aid Characteristics, developed 
originally to establish measurement and specification methods for several definitive hearing-aid 
characteristics and to provide tolerances for some of them. The original purpose of the standard was to 
provide a means of determining whether a production hearing aid as shipped was as stated by a 
manufacturer for a particular model, within the tolerances specified in the standard. In this revision of the 
standard, considerable effort has been made to achieve harmonization with IEC 60118-7. 

In the 1996 revision of the standard, the gain control was set to reference test position for automatic gain 
control (AGC) hearing aids as has been done for all other types of hearing aids. To reduce ambiguity in 
specifying this procedure, and to reflect common practices in the hearing aid industry at this time, in this 
revision of the standard, AGC hearing aids are tested in AGC mode only for tests associated with AGC 
functions and are operated in non-AGC mode for all other tests. That is, for all hearing aids, for 
measurements to determine OSPL90, full-on gain, the Reference Test Setting of the gain control (RTS), 
total harmonic distortion, equivalent input noise, battery current drain and induction coil sensitivity the 
hearing aid is set to operate in non-AGC mode. For AGC hearing aids, tests for input-output characteristic 
and attack and release times are made with the hearing aid operating in AGC mode. 

To facilitate measurements on digital hearing aids, the tolerance for setting the gain control to RTS has 
been widened to +/- 1 .5 dB from +/- 1 .0 dB. 

This standard contains four informative annexes which are not considered to be part of this standard. 
Annex D provides details of the major non-editorial changes in this revision. 

Since 1976, earlier versions of this standard have been incorporated into regulations of the United States 
Food and Drug Administration and have given guidance to manufacturers and consumers of hearing aids 
and to those who serve the hearing-impaired population. 

This standard has been developed under the jurisdiction of Accredited Standards Committee S3, 
Bioacoustics, which has the following scope: 

Standards, specification, methods of measurements and test, and terminology in the fields of 
mechanical shock, and physical acoustics, including aspects of general acoustics, shock, and 
vibration that pertain to biological safety, tolerance, and comfort. 



IV 

Copyright Acoustical Society of America 

Provided by IHS under license with ASA Sold to:PUBLIC.RESOURCE.ORG, W1218138 

No reproduction or networking permitted without license from IHS 2012/1/9 21 :16:41 GMT 



At the time this Standard was submitted to Accredited Standards Committee S3, Bioacoustics for 
approval, the membership was as follows: 

R.F. Burkard, Chair 

C. Champlin, Vice-Chair 

S.B. Blaeser, Secretary 

Acoustical Society of America R.F. Burkard 

C. Champlin {Alt.) 

American Academy of Audiology L Shotland 

D.A. Fabry {Alt) 

American Academy of Otolaryngology, Head and Neck Surgery, Inc R.A. Dobie 

L.A. Michael {Alt.) 

American Industrial Hygiene Association J.Banach 

D. Driscoll {Alt.) 

American Speech-Hearing-Language Association (ASHA) G. Linn 

R. Levinson {Alt.) 

Audio Engineering Society, Inc R.H. Campbell 

M.R. Chial {Alt.) 

Caterpillar, Inc D. Roley 

K.G. Meitl {Alt.) 

Chase Ergonomics, Inc G. Shumate 

D. Chase {Alt.) 

Council for Accreditation in Occupational Hearing Conservation (CAOHC) R.D. Bruce 

E.H. Berger {Alt.) 

Hearing Industries Association T.A. Victorian 

CM. Rogin {Alt.) 

Howard Leight Industries V. Larson 

E. Woo (Alt.) 

International Hearing Society K. LaFerle 



Copyright Acouslical Society of America 

Provided by IHS under license with ASA Sold to:PUBLIC.RESOURCE.ORG, W121813B 

No reproduction or networking permitted without license from IHS 2012/1/9 21:16:41 GMT 



John Deere L DeVries 

National Institute of Standards and Technology V. Nedzelnitsky 

R. Wagner (Alt.) 

Power Tool Institute S. Broadbent 

J. Nosko {Alt.) 

U.S. Army Aeromedical Research Lab W. Ahroon 

N. Alem (Alt.) 

U.S. Army CERL L. Pater 

D. Delaney (Alt.) 

U.S. Army Human Research & Engineering Directorate T.R. Letowski 

J. Kalb (Alt.) 

U.S. Department of the Air Force R. McKinley 

S.D. Smith (Alt.) 

U.S. Department of Transportation E.D. Sussman 

T. Raslear (Alt.) 



Individual Experts of the Accredited Standards Committee S3, Bioacoustics, were: 

J.R. Bareham K.D. Kryter P.D. Schomer 

R.W. Benson R. McKinley H.E. von Gierke 

A.J. Brammer C.W. Nixon D.E. Wasserman 

A.J. Campanella D.D. Reynolds L.A. Wilber 

J.L. Fletcher J.D. Royster W.A. Yost 

T. Frank L.H. Royster 



VI 



Copyright Acoustical Society of America 
Provided by IHS under license with ASA 
No reproduction or networking permitted wilhout license from IHS 



Sold to:PUBLIC.RESOURCE.ORG, W1 218138 
2012/1/9 21:16:41 GMT 



Working group S3/WG48, Hearing Aids, which assisted Accredited Standards Committee, S3, 
Bioacoustics, in the preparation of this standard, had the following membership who worked actively on 
this revision: 

David Preves, Chair 

George Frye, Secretary 

William Cole, S3.22 Sub-group Chair 



J. Anderson 
S. Chojar 
C. Conger 
O. Dyrlund 

A. Gebert 
G. Haas 

W. Johnson 
M. Killion 

B. Kruger 
F. Kruger 

V. Nedzelnitsky 



R. Olson 
T. Palmer 
S. Petrovic 
G. Ravn 
L. Revit 
0. Saltykov 
R. Scicluna 
C. Struck 
R. Sullivan 
T. Victorian 
R. Wagner 



Suggestions for improvements of this standard will be welcomed. They should be sent to Accredited 
Standards Committee S3, Bioacoustics, in care of the Standards Secretariat of the Acoustical Society of 
America, 35 Pinelawn Road, Suite 114E, Melville, New York 11747-3177. Telephone: 631-390-0215; 
FAX: 631-390-0217; E-mail: asastds@aip.org . 



VII 



Copyright Acoustical Sociely of America 
Provided by IHS under license wilh ASA 
No reproduction or networking permitted without license from IHS 



Sold lo:PUBLlC.RESOURCE.ORG, W121813B 
2012/1/9 21:16:41 GMT 



Introduction 

This standard describes hearing aid measurements that are particularly suitable for specification and 
tolerance purposes. 

The procedures of this standard employ a reference test setting of the gain control (see 6.6) to which the 
hearing aid is adjusted for certain measurements such as frequency response, harmonic distortion, and 
equivalent input noise level. The rationale underlying the use of the reference test setting is that the gain 
control setting for certain tests should be related to the saturation output capability of the hearing aid. 
Among the advantages of the gain control setting specified herein are (1) the gain control is set fairly 
close to a typical "use" setting, and (2) harmonic distortion measurements are made with a setting 
appropriately related to the maximum output capability of the hearing aid. 



NOTE - The concept of using a gain control setting related to the output capability of a hearing aid was originally put 
into practice by the National Bureau of Standards in their work for the Veterans Administration. This standard uses 
similar principles. 

An important feature of the procedures described in this standard is the method of determining the input 
SPL at the microphone opening(s) of the hearing aid (see 3.5 and 4.2). 
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AMERICAN NATIONAL STANDARD ANSI S3.22-2003 

American National Standard 

Specification of Hearing Aid Characteristics 

1 Scope 

1.1 Scope 

This standard describes certain hearing aid measurements and parameters that are deemed useful in 
determining the electroacoustic performance of a hearing aid. Some of these lend themselves to 
setting of tolerances for the purpose of maintaining product uniformity and for compliance with the 
performance specified for a model. 

It is not the intent of this document to restrict the variety of hearing aid performance available nor to 
inhibit in any way advances in the state of the art. 

This standard is limited to the specification of certain electroacoustic-characteristics based on a 
sinusoidal test signal. Measurements described in this standard are not intended to reflect in situ 
performance of hearing aids, directional performance of directional hearing aids or certain 
performance properties of digital hearing aids, such as processing delay. 

Notes in the standard are not considered to be part of the standard. 

1.2 Applications 

Tolerances are given relative to specified characteristics supplied by a manufacturer. In the case of 
"custom" or "made-to-order" hearing aids, individual test data are to be supplied. The tolerances 
specified in the standard will apply to the individual test data supplied. 

1.3 Purpose 

This standard is intended to meet the need for specifications of air conduction hearing aid 
performance parameters and their tolerances. The quantities suggested for specifications and 
tolerances are considered to be useful for comparing performance characteristics of different hearing 
aids or for comparing performance characteristics of a hearing aid with published specifications. 

2 Normative references 

[1] ANSI S1.1 -1994 (R 1999) American National Standard Acoustical Terminology. 

[2] ANSI S1.6-1984 (R 2001) American National Standard Preferred Frequencies, Frequency Levels, 
and Band Numbers for Acoustical Measurements. 

[3] ANSI S3.7-1995 (R 1999) American National Standard Method for Coupler Calibration of 
Earphones. 
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3 Definitions 

For the purposes of this document, the terms and definitions given in ANSI S1. 1-1994 (R 1999) 
American National Standard Acoustical Terminology and the following apply. 

3.1 reference SPL. SPL is an rms value expressed in decibels relative to 20 uPa. 

3.2 High-Frequency Average (HFA). The average of gain or SPL in decibels at 1000, 1600 and 2500 
Hz. The abbreviation for this term is HFA. 

3.3 Special Purpose Average (SPA). The average of gain or SPL in decibels at the three 1/3 octave- 
band frequencies (ANSI S1.6-1984, R1990), each separated by 2/3 octave selected by the 
manufacturer. The abbreviation for this term is SPA. Throughout this standard, wherever the term 
high-frequency average or HFA appears, special-purpose average or SPA may be substituted. 

3.4 special purpose hearing aid. A hearing aid whose full-on gain at any frequency exceeds its full- 
on gain at 1000 Hz, or at 1600 Hz or at 2500 Hz by more than 15 dB. 

If the requirements for being a special purpose hearing aid are met, the manufacturer may substitute 
three special purpose average frequencies (ANSI S1. 6-1984, R1990), each separated by 2/3 octave. 
The special purpose frequencies substituted shall be specified and used for all measurements. 

3.5 input SPL. For hearing aids with a single microphone opening, the SPL at the microphone 
opening of the hearing aid. For hearing aids having multiple microphone openings, the SPL at the 
midpoint of the microphone openings. 

3.6 coupler. The 2 cm 3 coupler referred to in section 4.6. 

3.7 acoustic gain. At each test frequency, the result obtained by subtracting the input SPL from the 
SPL in the coupler. 

3.8 gain control. A manually or electronically operated control for the adjustment of overall gain. 

3.9 output SPL for 90-dB input SPL (OSPL90). SPL developed in the coupler when the input SPL is 
90 dB with the gain control of the hearing aid full-on. The abbreviation for this term is OSPL90. 

NOTE - It is recognized that the maximum output level may occur with more, or occasionally with less, input SPL 
than 90 dB. However, the differences are usually small over the frequency range of interest and the single input 
SPL of 90 dB makes automatic recording of the OSPL90 curve very convenient. 

3.10 high-frequency average OSPL90 (HFA-OSPL90). The high-frequency average of the OSPL90 
levels. The abbreviation for this term is HFA-OSPL90. 

3.11 high-frequency average full-on gain (HFA-FOG). The HFA gain for a 50 dB input SPL when 
the gain control of the hearing aid is at its full-on position. 

3.12 reference test setting of the gain control (RTS). For a 60 dB input SPL, the setting of the gain 
control required to produce an HFA-gain within +/- 1.5 dB of the HFA-0SPL90 minus 77 dB. 

If the full-on HFA gain for a 60 dB input SPL is less than the HFA 0SPL90 minus 77 dB, the RTS is the 
full-on position of the gain control. 

NOTE - For linear hearing aids, setting the gain control to RTS as described in this section should ensure that, for 
an overall level of 65 dB SPL, the peaks of speech will not exceed the OSPL90. 
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3.13 reference test gain (RTG). The HFA gain for an input SPL of 60 dB with the gain control at RTS. 
(Refer to section 3.12). The abbreviation for this term is RTG. 

3.14 HFAG50. The HFA acoustic gain of the hearing aid with an input of 50 dB SPL and with the gain 
control set at RTS according to section 3.12. 

3.15 Lq. The rms coupler SPL noise output from the hearing aid with the sound source turned off, 
using an averaging time constant of 0.5 seconds, a bandwidth of 200 to 5000 Hz and with the gain 
control set at RTS according to section 3.12. 

3.16 automatic gain control. Means (other than peak clipping) by which the gain is automatically 
controlled as a function of the level of the signal being amplified. The abbreviation for automatic gain 
control is AGC. 

3.17 automatic gain control hearing aid. Hearing aid incorporating automatic gain control (AGC). 

3.18 input-output function. Single frequency plot of coupler SPL on the ordinate as a function of 
input SPL on the abscissa with equal decibel scale divisions on each axis. 

3.19 directional hearing aid. A hearing aid for which the gain is dependent on the direction of sound 
incidence when measured under free-field conditions. 

3.20 non-directional hearing aid. A hearing aid for which the gain is independent of the direction of 
sound incidence when measured under free-field conditions. 

3.21 SPL for an inductive telephone simulator. SPL developed in the coupler by a hearing aid with 
the gain control in the RTS when the input is the magnetic field generated by a Telephone Magnetic 
Field Simulator (refer to section 3.24). The abbreviation for this term is SPLITS. 

3.22 high frequency average (HFA) SPL for an inductive telephone simulator. The high-frequency 
average of the SPLITS curves. The abbreviation for this term is HFA-SPLITS. 

3.23 relative simulated equivalent telephone sensitivity. Difference in decibels obtained by 
subtracting the RTG + 60 dB SPL from the HFA-SPLITS. The abbreviation for this term is RSETS. 

3.24 telephone magnetic field simulator. A device shown in Figure 6 for producing a magnetic field 
of consistent level and geometric shape when driven by the specified current (I = 6/N mA, where N = 
number of coil turns). An actual telephone receiver is not an appropriate magnetic field source). The 
abbreviation for this device is TMFS. 

3.25 SPL in a vertical magnetic field. SPL developed in the coupler by a hearing aid with the gain 
control in the RTS when the input is a 31.6 mA/m sinusoidal alternating magnetic field parallel to the 
vertical reference and the input selector of the hearing aid set to T-position. The abbreviation for this 
term is SPLIV. 

3.26 high frequency average (HFA) SPL in a vertical magnetic field. The high-frequency average 
of the SPLIV levels. The abbreviation for this term is HFA-SPLIV. 

3.27 relative test loop sensitivity. Difference in decibels obtained by subtracting the RTG + 60 dB 
SPL from the HFA-SPLIV. The abbreviation for this term is RTLS. 
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4 Test equipment 

4.1 Test space 

Unwanted stimuli in the test space, such as ambient noise or stray electrical or magnetic fields, shall 
be sufficiently low so as not to affect the test results by more than 0.5 dB. Equipment meeting the 
conditions of 4.4 and 4.5 shall be used. 

NOTE - An anechoic test space or a suitable equivalent is required for valid measurement of directional hearing 
aids. A test space having high sound absorption is preferred and generally used for measurement of other 
hearing aids (refer to Annex A). 

4.2 Measurement configuration for nondirectional hearing aids 



To control or measure the input SPL for a nondirectional hearing aid, place the control microphone 
adjacent to the sound inlet port of the hearing aid, as shown in Fig.1. The center of the sound inlet 
port of the hearing aid shall be within 5+3 mm of the center of the control microphone grid, but the 
orientation need not be as shown in Fig.1 . The diameter of the control microphone shall be 15 mm or 
smaller. If a greater distance is made necessary by the physical structure of the hearing aid, the 
control microphone should be placed as close to the hearing aid microphone entrance opening as 
possible and the distance stated. The distance and orientation relative to the sound source is not 
critical. 

Other measurement methods may be used if they give equivalent results (refer to Annex A). 
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Figure 1 — Measurement configuration for nondirectional hearing aids. 
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Figure 2 — Measurement configuration for directional hearing aids. 

4.3 Measurement configuration for directional hearing aids 

The measurement of directional hearing aids requires a special measurement configuration. The 
sound source should approximate a plane progressive wave. Performance tolerances as given in 
Sec. 6 shall apply for directional hearing aids when measured using the reference configuration shown 
in Fig. 2. The diameter of the control microphone shall be 15 mm or smaller. The axis of the control 
microphone shall be orthogonal to the speaker axis and shall intersect it at the midpoint of the hearing 
aid sound inlet port or port array (Fig. 2). A line through the front and rear sound inlet ports of the 
hearing aid shall coincide with the speaker axis. In the case of multiple front or rear entry ports, the 
line is passed through the midpoint of the port array. Other measurement systems may be used if 
they consistently ensure that a hearing aid will meet the specified performance tolerances when 
measured with the reference configuration (refer to Annex A). 

4.4 Sound source 

The sound source, in combination with a calibrated control microphone system or other means, shall 
maintain the requisite SPL at the hearing aid sound entrance opening within + 1.5 dB over the range 
200-2000 Hz and within + 2.5 dB over the range 2000-5000 Hz. Compliance with this section may be 
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verified by comparison with a Type 1 sound level meter or a microphone and accompanying 
measurement system such as that described in section 4.6.1. 

The sound source shall be able to deliver SPLs between 50 and 90 dB at the position of the sound 
entrance. 

For response measurements, the total harmonic distortion of the acoustic test signal shall not exceed 
2%. For harmonic distortion measurements, the total harmonic distortion of the acoustic test signal 
shall not exceed 0.5%. 

4.5 Frequency accuracy 

The frequency of the test signal shall be accurate to within + 2%. The indicated frequencies on a chart 
shall be accurate within + 5%. 

4.5.1 Frequency resolution 

The frequency interval between data points in frequency response curves shall not exceed 1/12 
octave or 100 Hz, whichever is greater. 

4.6 Earphone coupler 

A 2 cm 3 earphone coupler in a closed configuration and suitable for the particular hearing aid being 
tested is to be chosen from among those described in American National Standard Method for Coupler 
Calibration of Earphones, S3. 7-1 995. The coupler and tubing used are to be stated (refer to Sec. 
5.2.3.). 

4.6.1 Microphone used in earphone coupler 

The pressure frequency response of the microphone used in the earphone coupler, along with its 
amplifier and readout device, shall be uniform within + 1 dB over the frequency range 200-5000 Hz. 
The calibration of the microphone system shall be accurate at any stated, selected frequency between 
250 and 1000 Hz to within + 1 dB. 

4.7 The rms response 

Test equipment used for measuring SPLs shall give readings, for nonsinusoidal signals required to be 
measured, within + 1 dB of the readings that would be obtained with true rms responding equipment. 
Noise reduction methods such as narrow-band filters may be employed except for 1) measurements of 
equivalent input noise and 2) if significant non-linear distortion is present in the signal. If a narrow band 
filter is used, the bandwidth of the filter system shall be stated. 

4.8 Averaging time constant for noise measurement 

When measuring internal noise, equipment for measuring SPL in the coupler shall have an effective 
averaging time constant of 0.5 s or greater (refer to Sec. 6.12). 

4.9 Current measurement 

The device used to measure current drain shall have an accuracy of + 5% or better. 
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When the direct current measuring meter is in series with the battery or power supply output (see 
5.2.1), it shall have the following characteristics: 



(a) D.C. voltage drop across current-measuring device < 50 mv. 

(b) An alternating current impedance modulus not exceeding 1 ohm over the frequency range 20-5000 
Hz. 

NOTE 1 One method of realizing item (b) above is to connect an 8000 ]xF or greater capacitor across the current 
meter. The capacitor should not be connected across the battery or power supply. 

NOTE 2 Excessive voltage drop may occur in the meter circuit during peak current drain such as during OSPL90 
measurements, particularly with hearing aids having class B or class D amplifiers. For measurements other than 
current drain, and particularly for OSPL90 measurements, the current measuring meter should be removed from 
the circuit (shorted out). (Refer to section 5.2.1). 



5 Standard conditions 

5.1 Ambient conditions 

The standard ambient conditions shall be: 

Temperature: 23° + 5° C (73° ± 9° F) 

Relative humidity: 0% to 80% 

Atmospheric pressure: 760 (+35, -150) mm of Hg or 101.3 (+5, -10) kPa 

5.2 Operating conditions 

The operating conditions listed below for the hearing aid under test shall be stated by the 
manufacturer and shall be used for all measurements unless otherwise specified in this standard. 

5.2.1 Supply voltage 

The type of power source used, the supply voltage, and, in the case of a power supply, its internal 
impedance as seen at the terminals of the hearing aid, shall be stated. Either a battery of the type 
specified for testing and/or used by the manufacturer for the hearing aid, or a suitable power supply 
that simulates the voltage and internal impedance of real batteries of the type specified, may be 
employed (Refer to Annex B). 

5.2.2 Insert earphones 

The type used is to be stated (if applicable). If a cord is used, the type shall be specified. 

5.2.3 Acoustic connection to the coupler 

For insert earphones (button receiver), the HA-2 coupler shall be used, in which case the acoustic 
connection is automatically defined (refer to Sees. 5.5.2 and 5.5.2.2 of ANSI S3. 7-1 995). 
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For hearing aids with internal earphones, the HA-1 coupler [for custom in-the-ear (ITE) hearing aids], 
HA-3 coupler (for modular ITE hearing aids) or the HA-2 and HA-4 couplers [for behind-the-ear (BTE) 
hearing aids] with entrance through a tube may be selected as appropriate (refer to Sees. 5.5.2, 
5.5.2.1, 5.5.2.2, 5.5.2.3, 5.5.2.4 and 5.5.2.5 of ANSI S3.7-1995). If the HA-2 coupler with entrance 
through a tube is employed, the tube is rigid and, together with the sound bore hole in the ear-mold 
substitute, forms a stepped-diameter tubing. The sound entrance tube attached to the ear-mold 
substitute shall be 25 mm + 4% long and 2 mm + 2% in inside diameter. If the HA-4 coupler is used, 
the entire sound path, excluding the hearing aid, has a constant inside diameter of 1.93 mm with the 
sound entrance tube 25 mm long. If the HA-3 coupler is employed, the tube simulating the earmold or 
earshell may be either rigid or flexible with 10 mm length and 1.93 mm inside diameter. 

For in-the-ear hearing aids, any vent in the hearing aid shall be closed. The closure shall be made at 
the outer end of the vent (e.g., the faceplate) unless otherwise specified. 

5.2.4 Accessories 

Accessories such as earhook type, insert filter type, etc. to be used shall be described fully. An 
earhook is to be employed if required in actual use. 

5.2.5 Basic settings of controls 

The hearing aid shall be set to have the widest available frequency response range, the greatest 
available HFA-0SPL90 and, if possible, the greatest HFA-FOG. Where possible, the AGC function of 
AGC hearing aids shall be set to have minimum effect for setting the gain control to RTS and for all 
tests except those of section 6.15. Other adaptive features such as some noise suppression and 
feedback reduction systems, etc, which may affect the validity of the measurements made with steady- 
state pure tone signals should be disabled. For the tests of section 6.15, the AGC function shall be set 
to have maximum effect. The settings used for testing shall be specified by the manufacturer by 
providing either a test program, a set of programmed settings or by reference to physical control 
settings. For the purposes of this standard, expansion shall be considered as part of the AGC function. 



6 Recommended measurements, specifications and tolerances 

The results obtained by the methods specified below express the performance under readily available 
and reproducible conditions. They do not include such effects as ear canal resonance and diffraction 
produced by the head and torso and should not be expected to agree with the performance of the 
hearing aid under conditions of use. 

6.1 Curves 

It is recommended that all published curves of gain, response, or output versus frequency be plotted 
on a grid having a linear decibel ordinate scale and a logarithmic abscissa scale, with the length of one 
decade on the abscissa scale equal to the length of 50 + 2 dB on the ordinate scale. 

6.2 OSPL90 curve 

With the gain control full-on and with basic settings of controls, record or otherwise develop a curve of 
coupler SPL versus frequency over the range 200-5000 Hz, using a constant input SPL of 90 dB 
(Refer to Fig. 3). 

From the above curve, determine the maximum SPL. 
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Tolerance: The maximum SPL shall not exceed that specified by the manufacturer plus 3 dB. 

6.3 HFA-OSPL90 

Average the OSPL90 values at the HFA frequencies. 

The HFA-OSPL90 shall be within + 4 dB of the manufacturer's specified value. 

6.4 Full-On gain 

Full-on gain shall be determined with the gain control of the hearing aid set to its full-on position and 
with an input SPL of 50 dB. 
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Figure 3 — Example of OSPL90 and frequency response curves: HF-average OSPL 90= 
(S 1 +S 2 +S 3 )/3. Reference test setting of the gain control (RTS) follows the procedure outlined in 
section 3.12. 

6.5 HFA full-on gain (HFA-FOG) 

Average the full-on gain values at the HFA frequencies. 

Tolerance: The HFA-FOG shall be within + 5 dB of the manufacturer's specified value (Refer to 
sections 3.7, 3.11, 6.4). 
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6.6 Adjustment of the gain control to the reference test setting (RTS) 

With an input SPL of 60 dB, adjust the gain control to the RTS as defined in Section 3.12. 

6.7 Reference test gain 

Report the reference test gain as the HFA gain measured with the gain control at RTS and an input 
SPL of 60 dB. 

The reference test gain shall be stated for information purposes only. 

6.8 Frequency response curve 

With the gain control in the RTS, and with an input SPL of 60 dB, measure the coupler SPL, or the 
acoustic gain, as a function of frequency. The low-frequency limit shall be the higher of fi (refer to 
section 6.9) or 200 Hz. The high-frequency limit shall be the lower of f 2 (refer to section 6.9) or 5000 
Hz (Refer to Fig. 4). 

NOTE - The above is not intended to preclude showing the frequency response beyond the above limits for 
information purposes. 

6.9 Frequency range 

To determine the frequency range from the frequency response curve, the following procedure shall 
be used: 

(1) From the manufacturer's specified frequency response curve, determine the average of the 
response levels at the HFA frequencies. 

(2) Subtract 20 dB. 

(3) Draw a horizontal line parallel to the frequency axis at the reduced level. 

(4) Note the lowest frequency (f-i) at which the response curve intersects the horizontal line. 

(5) Note the highest frequency (f 2 ) at which the response curve intersects the horizontal line. 

Frequency range-For information purposes, but not for tolerance purposes, the frequency range of the 
hearing aid shall be considered as being between fi and f 2 , as indicated in Fig. 4. 

6.10 Tolerance method for frequency response curve 

6.10.1 Tolerances 

The frequency response curve shall be divided into a low-band portion and a high-band portion, as 
indicated below. The tolerances in the two bands shall be as follows: 

Frequency limits Tolerance 

Low Band 1.25 U or 200 Hz (whichever is higher) up to 2000 Hz +_ 4 dB 

High Band 2000 Hz to 4000 or 0.8 f 2 Hz (whichever is lower) + 6 dB 
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6.10.2 Tolerance template 

Compliance with the requirements of 6.10.1 may be verified by the use of a transparent template. This 
method is applicable where a large quantity of aids are made to a single specification for a 
manufacturer's model. For aids supplied with individual frequency response curves (such as 
in-the-ear aids), an actual curve made for compliance purposes should compare closely with the curve 
supplied with the aid and shall in all cases meet the criteria of 6.10.1. 

To construct a tolerance template, the manufacturer's specified frequency response curve for the 
model is drawn to the exact scale that will be used for the curve being made to determine compliance. 
Then, over the low band, as defined in 6.10.1, limit curves 4 dB above and 4 dB below the specified 
curve are accurately drawn. Similarly, over the high band, as defined in 6.10.1, limit curves 6 dB above 
and 6 dB below the specified curve are accurately drawn. A vertical ruling at 1000 Hz is also needed 
on the template (refer to Fig. 4). 

To use the template, place it over the graph of the actual response curve of a hearing aid being 
checked for compliance, with the frequency line accurately matched. Vertical adjustment of the 
template is permitted. If the actual response curve lies within the limit curves, compliance is met. 

To account for small shifts in the response curve that will not be considered to affect the results 
obtained with the hearing aid, a further allowance is permissible. The template may be shifted 
horizontally in either direction up to 10% in frequency. Vertical rulings on the template at 900 and 
1100 Hz, as shown in Fig. 4, will indicate the limits of allowable horizontal movement. Vertical 
adjustment of the template remains permissible. Compliance is still achieved if the actual curve lies 
within the limit curves. 
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Figure 4 — Example of construction of tolerance template for frequency response curve: 
Horizontal line His 20 dB below the average of the 1000-, 1600-, and 2500-Hz levels on the 
specified response curve. In use, the template must be kept square with the graph of the 
measured curve, but may be adjusted vertically any amount and horizontally up to + 10% in 
frequency. Lines on the template at 900 and 1100 Hz show the maximum allowable horizontal 
movement referred to the 1000-Hz ordinate on the measured curve. After adjustment of the 
template, the measured curve must lie between the upper and lower limits on the template. 
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6.11 Harmonic distortion 

With the gain control in the RTS, measure and record the total harmonic distortion in the coupler 
output for each of the following input levels and test frequencies: 70 dB SPL at 500 and 800 Hz or at 
the lower two frequencies of the three frequency set corresponding to 1/2 the frequency of each of the 
three special purpose average frequencies; 65 dB SPL at 1600 Hz or at the highest frequency of the 
three frequency set corresponding to 1/2 the frequency of each of the three special purpose average 
frequencies. (Consistent with 6.8, measurements below 200 Hz are not required.) 

In the event the specified frequency response curve rises 12 dB or more between any distortion test 
frequency and its second harmonic, distortion tests at that frequency may be omitted. 

For the purpose of this standard, percentage total harmonic distortion (%THD) may be determined 
using either of the following methods: 



a) 



% THD = 100 v(p 2 2 + p 2 3 + p 2 4 +...)/P 2 i 



b) 



% THD = 100 V(p 2 2 + p 2 3 + P 2 4 +-..)/(p 2 1 + P 2 2+ P 2 3 + P 2 4 +.-) 



where pi = sound pressure of the fundamental in the earphone coupler and R2, p3, P4, etc = sound 
pressure of the second third, fourth, etc. harmonics in the earphone coupler. 

Formula (a) is the basis formula for percentage total harmonic distortion and is preferred when 
measurements are made on individual harmonics and the fundamental. Formula (b) is the formula 
that has been used in previous hearing aid standards and is preferred when using test equipment that 
filters out the fundamental and determines the rms value of the remaining harmonics. The two 
formulas will give almost identical results up to 20% THD and will differ by less than 1.3% at 30% 
THD. For % THD values greater than 30%, formula (a) should be used. 

NOTE - For most hearing aids, inclusion of harmonic components above the third harmonic will not significantly 
increase the harmonic distortion value. 

It is important to note that the p's above are sound pressures, not SPLs. Sound pressure and SPL 
(SPL) are related by the formula 

SPL = 20 log 10 (p/p o ), 
where p is the reference sound pressure of 20uPa (micropascals). 
Conversely, 

p = p antilogio(SPL/20). 

Tolerance: The total harmonic distortion under the above test conditions shall not exceed the value 
specified by the manufacturer plus 3%. For example, a specified harmonic distortion of 5% would be 
interpreted as 8% maximum. 
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6.12 Equivalent input noise level (EIN) 

With the gain control in the RTS: 

measure Lo, the coupler SPL with the sound source turned off. A measurement bandwidth of 200 Hz 
to 5000 Hz and an averaging time of at least 0.5 seconds shall be used. 

Calculate and report the EIN as 

EIN = Lo - HFAG50 dB SPL 

Where HFAG50 is the HFA acoustic gain for a 50 dB input SPL. 

Tolerance: The equivalent input noise level shall not exceed the maximum value specified by the 
manufacturer plus 3 dB. 

NOTE 1 The method of Sec. 6.12 gives appropriate values for hearing aids having the more usual frequency 
response ranges. However, the equivalent input noise level is a function of bandwidth. This means that wide-band 
hearing aids may show higher values simply because of their increased bandwidth and not because of internal 
noise. 

NOTE 2 Valid measurement of equivalent input noise level is possible only when the ambient noise level and the 
internal noise of the measuring equipment is extremely low. The ambient noise level is sufficiently low if L drops 
by less than 1 dB when the sound inlet of the hearing aid is acoustically sealed. The equipment noise is 
sufficiently low if U drops by more than 6 dB when the hearing aid, with its sound inlet acoustically sealed, is 
switched off. These tests can be performed only with a hearing aid which remains stable when its sound inlet is 
sealed. 

NOTE 3 The manufacturer shall state whether low level expansion is used during the measurement. 

6.13 Battery current 

With the gain control in the RTS, measure the battery current with a pure-tone, 1000-Hz input signal at 
a SPL of 65 dB. 

Tolerance: The battery current for the above test conditions shall not exceed the maximum value 
specified by the manufacturer plus 20%. 

6.14 Induction coil response 

6.14.1 Response curve 

With the gain control in the RTS and the hearing aid set to the "T" (telecoil) mode, position the hearing 
aid on the test surface of the TMFS and orient it for maximum output, subject to the following 
constraints (refer to Figure 5): 

A BTE hearing aid should lie as flat as possible on the test surface. 

The faceplate of an ITE or ITC hearing aid should be parallel to the test surface of the TMFS and as 
close as possible to it. 
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Figure 5 — Hearing aids on TMFS for SPLITS test. BTE is shown for left ear test. 

With the TMFS driven by the specified test current as given in Figure 6, record the coupler SPL as a 
function of frequency in the range 200-5000 Hz. 

NOTE - For a BTE hearing aid, the values obtained may depend on which surface of the hearing aid is in contact 
with the test surface of the TMFS. In this case, the manufacturer should state for which ear the data apply and 
indicate the anticipated difference if worn on the opposite ear. 
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Figure 6 — Telephone Magnetic Field Simulator. 
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6.14.2 HFA-SPLITS 

Average the SPLITS values at 3 HFA frequencies. 

Tolerance: The SPLITS value shall be within + 6 dB of the manufacturer's specified value. 

6.14.3 Relative simulated equivalent telephone sensitivity (RSETS) 

Subtract the RTG + 60 dB SPL from the HFA-SPLITS to obtain the RSETS. 

6.15 AGC hearing aids 

The following tests apply to AGC hearing aids. They may be performed at one or more of the 
following AGC test frequencies to be specified by the manufacturer: 250 Hz, 500 Hz, 1000 Hz, 2000 
Hz, 4000 Hz. The same AGC test frequencies shall be used for all AGC tests. Results may be 
reported at other frequencies for informational purposes. Refer to 5.2.5 for basic settings of the 
controls. 

6.15.1 Input-output characteristics 

With the gain control in the RTS, measure the coupler SPLs for input SPLs from 50 to 90 dB in 5-dB 
steps at each selected AGC test frequency. 

Plot the coupler SPL along the ordinate against the corresponding input SPL along the abscissa on a 
grid having linear decibel scales with equal-sized divisions for both ordinate and abscissa. Linear 
interpolation between data points or curve fitting to the data points may be employed to display a 
continuous function. (Refer to Figure 7, next page.) The input -output function may be reported at 
other gain control settings for informational purposes. At each input level, the stimulus shall be present 
long enough to ensure that the hearing aid is operating within 1 dB of its steady-state operation. 

6.15.2 Dynamic AGC characteristics 

With the gain in the RTS and using a pure-tone input signal which alternates abruptly between 55 and 
90 dB SPL, determine the attack and release times from a time record of the envelope of the coupler 
SPL at each selected AGC test frequency. The duration of each of the levels shall be sufficiently long 
(at least five times the longest attack or release time) so as to not influence the measured attack and 
release times. The attack time is defined as the time between the abrupt increase from 55 to 90 dB 
and the point where the level has stabilized to within 3 dB of the steady value for the 90-dB input SPL. 
The release time is defined as the interval between the abrupt drop from 90 to 55 dB and the point 
where the signal has stabilized to within 4 dB of the steady state value for the 55-dB input SPL. 

Tolerance: The attack and release times shall each be within + 5 ms or + 50%, whichever is larger, of 
the values specified by the manufacturer. 

Tolerance: With the measured and specified curves matched at the point corresponding to 70 dB input 
SPL, the measured curve at 50- and 90-dB input SPLs shall not differ in output SPL from the curve 
specified by the manufacturer by more than + 5 dB. 
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Figure 7 — Example of steady-state input-output function. 



6.16 Interpretation of tolerances 

The tolerances of Sec. 6 apply to the performance of the hearing aid as determined with perfectly 
accurate measurement equipment. To ensure that performance is within a specified tolerance when 
using imperfect measurement equipment, the tolerance on the measured value shall be less than the 
specified tolerance by the maximum error of measurement. To ensure that performance is outside of 
the specified tolerance when using imperfect measurement equipment, the tolerance on the measured 
value shall be greater than the specified tolerance by the maximum error of measurement. As an 
example, suppose that the microphone system in the coupler, along with the acoustic errors in the 
coupler, has a tolerance of + 1.5 dB. The HFA-OSPL90 would have to be within + 2.5 dB of the 
specified value to ensure that + 4 dB was being achieved. When checking an aid for compliance of 
the parameter, using test equipment with accuracy no better than + 1.5 dB, the allowable tolerance 
would have to be + 5.5 dB. 
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Annex A 

(Informative) 
Equivalent substitution method 



A.1 Introduction 

The body of this standard specifies the monitoring of the input SPL at the hearing aid microphone 
opening, in a suitable test space. A calibrated standard microphone is used to measure and control 
the input SPL. This microphone is placed in close proximity to the microphone opening of the hearing 
aid under test (Refer to sections 4.2, 4.3, and 4.4). 

The substitution method uses a different approach to produce the desired input SPL. A measurement 
microphone is placed at the point in the test space to coincide later with the microphone opening of the 
hearing aid and the electrical input to the sound source is adjusted to produce the required SPL at that 
point. The measurement microphone is then removed and the hearing aid to be tested is substituted 
for it. 

The two systems of input SPL control are equivalent at frequencies where the wavelength of sound is 
very large compared to the physical dimensions of the hearing aid or of the measurement microphone. 
At higher frequencies, with shorter wavelengths, differences begin to be seen in measurements made 
using each of the two methods. 



A.2 Purpose 

The purpose of this Appendix is to describe a substitution method that will give results agreeing 
closely with those obtained using the input SPL control method described in the body of this standard, 
even at high frequencies. 



A3 Application 

While this method would be valid for the measurement of either non-directional or directional hearing 
aids in a test space where a progressive sound field can be produced, it is especially applicable to the 
measurement of non -directional hearing aids in sound test chambers of moderate dimensions. It is 
particularly useful for measurement systems that use microprocessor or computer means to measure 
and control the electrical input to the sound source. 



A4 Special equipment 

A dummy microphone-preamplifier of the same physical dimensions as those of the measurement 
microphone-preamplifier is required. 



A5 Procedure 

The procedure given herein applies to a measurement system that uses the same measurement 
microphone for both the input SPL measurement and for the coupler. If the coupler microphone 
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remains in place, the dummy microphone would replace only the microphone that measures input 
SPL. 

A.5.1 Determination of the required electrical input to the sound source (refer to Fig. 
A1) 

(1) Place a hearing aid of the type to be tested into position in the test space. 

(2) Make the acoustic connections from the hearing aid to a coupler of the appropriate type. The 
hearing aid should be turned off. 

(3) Attach the dummy microphone-preamplifier to the coupler. 

(4) Place the measurement microphone adjacent to the microphone opening of the hearing aid, as 
specified in 4.2 and 4.3 and as shown in Figs. 1 and 2 of the body of this standard. 

(5) Adjust the electrical input to the sound source to produce the desired input SPL. An appropriate 
SPL for this portion of the procedure is between 80 and 90 dB. 

(6) Determine the electrical input to the sound source required to obtain the selected level of sound 
pressure at each frequency to be tested. Electrical inputs for other input SPLs can be derived. 

(7) The above steps need not be repeated for each hearing aid tested unless physical factors, such as 
the size of the hearing aid, change. 
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Figure A1 — Setup for measurement of sound level corrections. 
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A.5.2 Measurement of the Hearing Aid 

(1) Interchange the position for the dummy and the measurement microphone-amplifiers, so that the 
dummy now occupies the exact physical position occupied previously by the measurement 
microphone, as shown in Fig. A2. 

(2) Supply the required electrical input to the sound source to produce the desired input SPL at each 
frequency. 

(3) Turn on the hearing aid and run the desired tests. 



&«m» dlttinea md 



tocillon •• w Fift. A1 



y\ 



ABSORBENT 
TEST SPACE 



SOUND SOURCE 




DUMMY 
MICROPHONE 



5 ±3 mm 



HEARING AID 



COUPLER 



MEASUREMENT 
MICROPHONE 



Figure A2 — Setup for equivalent substitution method of hearing aid measurement. 
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Annex B 

(Informative) 
Recommended voltage and resistance values to be used in battery simulators 



B.1 Introduction 

It is recognized that battery characteristics vary with make and time of manufacture. Nevertheless, 
representative values of the voltage and equivalent series internal impedance of several of the battery 
types frequently used in hearing aids at the time this standard was developed may serve as a 
guideline for the design of battery simulators with uniform characteristics. The recommended battery 
simulator characteristics are given in Table B1 and are based on data available at the time this 
appendix was prepared. 



B.2 Battery simulator characteristics 

A battery may be considered to have a voltage and a series internal impedance. If measured with a 
high impedance voltmeter, and without a load, one would obtain the open circuit voltages listed in the 
second column of Table B1. The series internal impedance of the battery would, of course, appear as 
a series resistance in the battery simulator and is listed in column three of Table B1. 

Table B1 Battery simulator characteristics 



Battery Type 
Zinc-air 5A 
Zinc-air 10A/230 
Zinc-air 312 
Silver 312 
Zinc-air 13 
Silver 13 
Zinc-air 675 
Silver 76 



Open-circuit voltage (volts) 


Series resistance (ohms) 


1.3 


8.2 


1.3 


6.2 


1.3 


6.2 


1.5 


10.0 


1.3 


6.2 


1.5 


8.2 


1.3 


3.3 


1.5 


5.1 
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Annex C 

(Informative) 
Guidelines for additional optional tests to characterize hearing aids 

C.1 Characteristics of the gain control 

The purpose of this test is to determine the characteristic of the gain control. Although the procedure 
which follows is stated in acoustical terms, equivalent techniques involving purely electrical 
measurements are acceptable. Some hearing aids may have a gain preset adjustment as well as a 
gain control operated by the hearing aid wearer. The following measurement method is intended for 
either type of gain control. 

C.1 .1 Adjust the frequency of the sound source to that desired for the definition of gain. Preferred test 
frequencies are any of the 3 HFA frequencies. 

C.1. 2 Select a suitable input SPL so as to ensure linear operation of the hearing aid at full-on gain 
control setting at the selected test frequency. State the input SPL used. 

NOTE - for a hearing aid which has a non-linear signal processing algorithm by design, e.g., an AGC hearing aid, 
consideration should be given in selecting an appropriate input level for determining the characteristic of the gain 
control and to interpreting the test results as to whether the hearing aid was operating linearly or non-linearly. 

C.1. 3 Vary the setting of the gain control. 

C.1. 4 Plot the acoustic gain (the difference between the output and input SPLs) as a function of the 
gain control setting expressed as the percentage of the total gain control rotation or as a specific 
number. 



C.2 Characterization of battery current as a function of quiescent current and 
maximum current 

Some classes of hearing aid amplifiers draw a battery current that is dependent upon their output SPL. 
In some cases, this may result in an actual battery life substantially different from that which could be 
expected based on the battery drain measured in accordance with section 6.13. In such cases, the 
quiescent and maximum battery current may be reported for information purposes. 

For these tests, controls of the hearing aid shall be adjusted as described in Section 5.2.5 of this 
standard. 

C.2.1 Quiescent battery current 

With the gain control in the RTS, measure the battery current with the acoustic signal source turned 
off. 

NOTE - Valid measurement of quiescent battery current for class B and class D hearing aid amplifiers requires a 
low level of ambient noise. 
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C.2.2 HFA Maximum battery current 

With all controls set to produce the greatest HFA-OSPL90, measure the battery current with an input 
SPL of 90 dB at the three HFA test frequencies. The Maximum Battery Current is the average of these 
three currents. 

NOTE - For many hearing aids, a reasonable approximation of the current drain in actual use conditions can be 
expressed as a weighted sum of the quiescent current and the HFA maximum current. For example, I actual = 
0.8(quiescent current) + 0.2(HFA maximum current). 



C.3 Effect of tone-control setting on frequency response 

The purpose of this test is to show the effect of tone-control setting on the frequency response of a 
hearing aid. 

C.3.1 Set the gain control to the RTS as defined in section 3.12 of this standard. 

C.3.2 Select an appropriate input level for determining the effect of the tone control. For linear hearing 
aids, the input level shall be selected to ensure linear operation. The input level utilized shall be stated. 

NOTE - For a hearing aid which has a non-linear signal processing algorithm by design, e.g., an AGC hearing aid, 
consideration should be given in selecting an appropriate input level for expressing the effect of the tone control 
on frequency response and to interpreting the test results as to whether the hearing aid was operating linearly or 
non-linearly. 

C.3. 3 Vary the tone control setting. 

C.3.4 Plot the frequency response as coupler SPL or as acoustic gain versus frequency with a 
constant input level, with one curve for each specified setting of the tone control. A minimum of two 
curves showing the effects of the two extreme settings of the tone control shall be used. 



C.4 Effect of output limiting control setting on OSPL90 and full-on frequency 
response 

The purpose of this test is to show the effects of the output limiting control setting on the OSPL90 and 
full-on frequency response of a hearing aid. 

C.4.1 Set the gain control to full on. 

C.4. 2 As the output limiting control setting is varied, plot the OSPL90 as coupler SPL versus 
frequency with a constant 90 dB SPL input level, with one curve for each specified setting of the output 
limiting control. A minimum of two curves showing the effects of the two extreme settings of the output 
limiting control shall be used. 

C.4. 3 Select an appropriate input level for determining the effect of the output limiting control on full- 
on frequency response. The input level utilized shall be stated. 

NOTE - For a hearing aid which has a non-linear signal processing algorithm by design, e.g., an AGC hearing aid, 
consideration should be given in selecting an appropriate input level for expressing the effect of the output limiting 
control on full-on frequency response and to interpreting the test results as to whether the hearing aid was 
operating linearly or non-linearly. 
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C.4.5 As the output limiting control setting is varied, plot the full-on frequency response as coupler 
SPL or as acoustic gain versus frequency with a constant input level, with one curve for each specified 
setting of the output limiting control. A minimum of two curves showing the effects of the two extreme 
settings of the output limiting control shall be used. 



C.5 Effect of gain control setting on frequency response 

The purpose of this test is to show the effect of the gain control setting on the frequency response of a 
hearing aid. 

C.5.1 Select an appropriate input level for determining the effect of the gain control on frequency 
response. For linear hearing aids, the input level shall be selected to ensure linear operation. The 
input level utilized shall be stated. 

NOTE -For a hearing aid which has a non-linear signal processing algorithm by design, e.g., an AGC hearing aid, 
consideration should be given in selecting an appropriate input level for expressing the effect of the gain control 
on frequency response and to interpreting the test results as to whether the hearing aid was operating linearly or 
non-linearly. 

C.5. 2 Set all other controls to the settings that would produce the maximum gain, OSPL90 and 
bandwidth. 

C.5. 3 Vary the gain control setting. 

C.5. 4 Plot the frequency response as coupler SPL or as acoustic gain versus frequency with a 
constant input level, with one curve for each specified setting of the tone control. A minimum of two 
curves showing the effects of the gain control on frequency response at full-on and at 15 dB down 
from full-on gain control settings shall be used. 



C.6 Effect of power supply voltage variation on acoustic gain and OSPL90 

The purpose of this test is to determine the effect of power supply voltage variation on acoustic gain 
and OSPL90. 

C.6.1 Adjust the frequency of the sound source to that desired for the definition of gain. Preferred test 
frequencies are any of the 3 HFA frequencies. 

C.6.2 The nominal power supply voltage and impedance shall have the values given in Table B1 for 
the battery of interest. Connect the hearing aid under test to the nominal power supply voltage and 
impedance. For these tests, controls of the hearing aid shall be adjusted as described in Section 5.2.5 
of this standard. 

C.6. 3 For determining the effect on gain, select a suitable input SPL so as to ensure linear operation 
of the hearing aid at full-on gain control setting at the selected test frequency. State the input SPL 
used. For determining the effect on OSPL90, use a 90 dB input SPL. 

NOTE - For a hearing aid which has a non-linear signal processing algorithm by design, e.g., an AGC hearing aid, 
consideration should be given in selecting an appropriate input level for expressing the effect of the power supply 
on acoustic gain and to interpreting the test results as to whether the hearing aid was operating linearly or non- 
linearly. 
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C.6.4 For determining the effect on gain, set the gain control to the RTS. Other settings of the gain 
control such as full on may be used and shall be stated. For determining the effect on OSPL90, set the 
gain control full on. 

C.6.5 Record the coupler SPLs for various supply voltage values ranging from the nominal voltage to 
67 percent of the nominal voltage, keeping the impedance constant. 



C.7 Effect of power supply Impedance variation on acoustic gain and OSPL90 

The purpose of this test is to determine the effect of power supply impedance variations on acoustic 
gain and the OSPL90. 

C.7.1 Adjust the frequency of the sound source to that desired for the definition of gain. Preferred test 
frequencies are any of the 3 HFA frequencies. 

C.7.2 The nominal power supply voltage and impedance shall have the values given in Table B1 for 
the battery of interest. Connect the hearing aid under test to the nominal power supply voltage and 
impedance. 

C.7. 3 For determining the effect on gain, select a suitable input SPL so as to ensure linear operation 
of the hearing aid at full-on gain control setting at the selected test frequency. State the input SPL 
used. For determining the effect on OSPL90, use a 90 dB input SPL. 

C.7.4 For determining the effect on gain, set the gain control to the RTS. Other settings of the gain 
control such as full on may be used and shall be stated. For determining the effect on OSPL90, set the 
gain control full on. 

C.7. 5 Record the coupler SPLs at a) the selected input level for determining the effect on gain and b) 
with a 90 dB SPL input level for various supply impedance values ranging from the nominal 
impedance to 4 times the nominal impedance, keeping the power supply voltage constant. 



C.8 Hearing aid output noise spectrum 

C.8.1 With this method, the internally generated noise as a function of frequency is expressed in 
terms of the noise output SPL in 1/3-octave bands and the equivalent input SPL in 1/3-octave bands. 

C.8. 2 With the hearing aid and the sound source switched off, the spectrum of the test equipment 
noise shall be measured in 1/3 octave bands over the frequency range 200 to 5000 Hz. An example is 
shown in Figure C1. 

C.8. 3 Adjust the gain control of the hearing aid to the reference test gain setting as defined in section 
6.6 of this standard. Adjust the other controls of the hearing aid as described in section 5.2.5 of this 
standard. 

C.8.4 With the sound source switched off, measure the spectrum in 1/3 octave bands of the hearing 
aid output noise in the coupler over the frequency range 200 to 5000 Hz. An example is shown in 
Figure C2. 

C.8. 5 For the same gain control setting, determine the acoustic gain with a 60 dB input SPL for pure 
tones at the center frequencies of each 1/3-octave band (the difference between the output and input 
SPLs) over the frequency range 200 to 5000 Hz. An example is shown in Figure C3. 
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C.8.6 The equivalent input noise level for each 1/3-octave band is obtained by subtracting the pure- 
tone gain, as measured in C.8.5, from the noise output level as measured in C.8.4. An example is 
shown in Figure C4. Throughout the frequency range 200 to 5000 Hz, the spectrum in each 1/3-octave 
band of the test equipment noise shall be at least 6 dB below the hearing aid output noise. 
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Figure C1 — Example of a test equipment noise spectrum in 1/3-octave bands. 
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Figure C2 — Example of a hearing-aid output noise spectrum in 1/3-octave bands. 
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Figure C3 — Gain in 1/3-octave bands for the hearing aid used for Fig. C2. 
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Figure C4 — Equivalent input noise in 1/3-octave bands for the hearing aid used for Fig. C2 and 

C3. 
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NOTE 1 If the 6 dB criterion above is not achieved for some 1/3-octave bands, the equivalent input noise for 
those bands shall be replaced by a notation indicating that the noise measurement was limited by the 
measurement system noise floor, and the actual noise level is no greater than what is shown for those 1/3-octave 
bands. 

NOTE 2 For 1/3-octave bands at which the pure-tone gain varies by more than 10 dB relative to the gain at 
adjacent bands, it may be difficult to interpret the results of the equivalent input noise level calculations. 



C.9 Total harmonic distortion in acoustic mode as a function of input SPL 

C.9.1 Set the gain control on the hearing aid to the RTS (section 6.6). Set adjustable controls as 
specified in section 5.2.5. 

C.9. 2 Select a suitable test frequency. 

C.9.3 Develop the acoustic mode input-output function using the procedure specified in 6.15.1. 

C.9.4 Over the same range of input levels, determine the total harmonic distortion. 

C.9.5 Plot the percent total harmonic distortion as a function of acoustic input SPL on the same graph 
as the input-output function using the right ordinate scale. (Refer to Figure C5 for two examples). 
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Figure C5 — Two examples of total harmonic distortion as a function of the input sound 
pressure level. 



C.10 Compression ratio and compression factor 

C.10.1 Set the gain control on the hearing aid to the RTS (section 6.6). Set the adjustable controls as 
specified in section 5.2.5. 

C.1 0.2 Select a suitable test frequency. 
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C.10.3 Apply a suitable input SPL. Determine the coupler SPL. 

C.10.4 Increase the input SPL by a A Input SPL. Determine the new coupler SPL. 

C.10.5 The A Output SPL is the resulting change in coupler SPL. 

C.10.6 Calculate compression ratio as 

Compression ratio = Alnput SPL 
AOutput SPL 

at a stated input level (or range). 

The concept of Compression ratio is illustrated in Figure C6. 
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Figure C6 — Example of a steady-state input-output function illustrating the compression ratio. 

C.10.7 Calculate compression factor as 

Compression factor = AOutput SPL 
Alnput SPL 

at a stated input level (or range). 

C.11 Induction coil performance with test loops 

C.11.1 Vertical reference 

The vertical reference is a line through or on a hearing aid which is approximately vertical when the aid 
is worn by a seated individual. 

The vertical reference for an in-the-ear (ITE) hearing aid is a line joining points A and B as in Figure 
C7. Point A is the point at which the portion of the shell fitting into the intertragal notch meets the 
faceplate. Point B is the point at which the portion of the shell fitting into the helix meets the faceplate. 
For hearing aids where the helix and intertragal notch are not evident, the vertical reference shall be 
specified by the manufacturer. 
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The vertical reference for a behind-the-ear (BTE) hearing aid is a line in the central plane of the 
hearing aid at a specified angle to the axis of the sound outlet at the tip of the sound hook bore where 
it interfaces with the earmold tubing. This angle is the vertical reference angle. (See C.11.2 and Figure 
C8). 

C.11.2 Vertical reference angle 

The vertical reference angle for a behind-the-ear (BTE) hearing aid shall be the angle subtended by 
the vertical reference and a line defined by the axis of the sound outlet at the tip of the sound hook 
bore where it interfaces with the earmold tubing. The vertical reference angle shall be specified by the 
hearing aid manufacturer. (See Figure C8). 
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Figure C7 — Orientation of an ITE aid for the SPLIV test. 
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Figure C8 — Orientation of a BTE aid for the SPLIV test. 
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C.11.3 SPLIV curve 

With the gain control in the RTS and the hearing aid set to the "T" mode, place the hearing aid in a 
sinusoidal alternating magnetic field having an rms magnetic field strength of 31.6 mA/m, oriented 
such that the vertical reference coincides with the direction of the field (Figures C7 and C8). Record 
the coupler SPL as a function of frequency in the range 200-5000 Hz. 

NOTE - A suitable magnetic field for performing the SPLIV measurement is obtained at the center of a circular coil 
having a diameter of 20 cm or greater. In the center of a circular loop with a diameter of d meters carrying a 
current of i amperes, the magnetic field strength is given by H = i/d A/m. 

C.11.4 HFA-SPLIV 

Average the SPLIV values at 1000, 1600, 2500 Hz. 

C.11.5 Equivalent test loop sensitivity (ETLS) 

With the gain control in the RTS and the hearing aid set to the "M" (microphone) mode, determine the 
HFA SPL in the coupler for a 60 dB input SPL. Subtract this value from the HFA-SPLIV to obtain the 
ETLS. 



C.12 Maximum induction coil sensitivity measurement 

With the gain control full-on and the hearing aid set to the "T" (telephone input) mode, the hearing aid 
is placed in a sinusoidal alternating magnetic field having an rms magnetic field strength of 31.6 mA/m 
at 1000 Hz and is oriented to produce the greatest coupler SPL. The SPL in the coupler is recorded. A 
curve of the SPL in the coupler over the frequency range 200-5000 Hz, using a magnetic field strength 
of 31 .6 mA/m, may also be provided. 

NOTE - The above test method is useful for quality control purposes and for comparison of data between 
laboratories. However, due to differences in orientation of the magnetic fields produced by inductive loop systems 
and by telephone handsets, and to differences in the orientation of induction coils within hearing aids, this method 
may not reflect the output SPLs produced in situ by hearing aids via induction coil pickup in actual use conditions. 



C.13 Total harmonic distortion for induction coil mode as a function of input 
magnetic field strength 

C.13.1 Set the gain control on the hearing aid to RTS (section 6.6). Set adjustable controls as 
specified in section 5.2.5. 

C.13.2 Select a suitable test frequency. 

C.13.3 Develop the input-output function for induction coil mode using 3.16, 10, 31.6 and 100 mA/m 
magnetic input strengths. 

C.13.4 Over the same range of inductive input levels, determine the total harmonic distortion. 

C.13. 5 Plot the percent total harmonic distortion in induction coil mode as a function of input magnetic 
field strength on the same graph as the input-output function using the right ordinate scale. (Refer to 
Figure C9 for an example). 
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Figure C9 — Example of total harmonic distortion as a function of magnetic input field 

strength. 
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Annex D 

(Informative) 
Major non-editorial changes in this revision of S3.22 



3.3 Special Purpose Average (SPA). Throughout the standard, wherever the term high-frequency 
average (HFA) appears, SPA can be used interchangeably. 

3.12 reference test setting of the gain control (RTS). Changed from the setting of the gain control to 
produce a coupler SPL 17 dB below the HFA OSPL90 value to the setting required with a 60 dB input 
SPL to produce an HFA-gain of HFA-OSPL90 minus 77 dB The acceptable gain control setting range 
was changed from +1 .0 dB to +.1 .5 dB. 

4.2 Measurement configuration for nondirectional hearing aids. Changed from 14 mm maximum 
diameter control microphone to allow use of a 15 mm diameter microphone. 

4.3. Measurement configuration for directional hearing aids. Changed from 14 mm maximum diameter 
control microphone to allow use of a 15 mm diameter microphone. 

4.7 The rms response. Has been changed to allow narrow-band measurements. 

5.2.5 Basic settings of controls. Changed to specify that the AGC function is to be set to have 
minimum effect for setting the gain control to RTS and minimal effect on all tests except those of 
section 6.15 (the AGC tests). For section 6.15, the AGC function is to be set to have maximum effect. 

6.6 Adjustment of the gain control to the reference test setting (RTS). Changed to the definition given 
in section 3.12. 

6.8 Frequency-response curve. Changed from 50 dB input SPL to 60 dB input SPL for AGC hearing 
aids. 

6.12 Equivalent input noise level. Added the abbreviation EIN. The measurement bandwidth has been 
restricted to 200-5000 Hz. The hearing aid is set for linear or near-linear operation. A 50 dB input 
SPL is used to measure the HFA gain (HFAG50) and this value is used in the formula to calculate EIN. 
Deleted note 1. 

Annex B2, Table 1. Battery simulator characteristics. Deleted mercury batteries. Specified standard 
resistor values for series resistance. 
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